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Cloning and functional study of Nanog in zebrafish
Jing Tian, Serene C. Chng, JunXian Ong, Bruno Reversade
Institute of Medical Biology, A*star, Singapore, Singapore
Nanog encodes for a homeobox-containing transcription factor
critical for in vitro self-renewal of undifferentiated embryonic stem
cells. Together with Oct4, Nanog assembles, in vivo, a transcriptional
circuitry that ensures pre-implantation development in mammals.
Here we report the cloning of the homolog of the mammalian nanog
gene in Danio rerio and study its expression and function during fish
early embryogenesis. Nanog mRNA was found to be maternal
supplied in oocytes and ubiquitously expressed thereafter until
gastrulation ends. In MZ spg embryos, which lack maternal and
zygotic Oct4 activity, nanog expression was unaltered. Functional
studies using MO-based knockdown and ZFN-mediated knockout
suggest that nanog regulates blastomere division and germ layer
patterning in zebrafish embryos.
doi:10.1016/j.ydbio.2011.05.398
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Myogenin is expressed during primary myogenesis in Xenopus
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Muscle development is dependent on four “master regulators”
(MyoD, Myf5, MRF4, and myogenin) that are collectively known as
the Muscle Regulatory Factors (MRFs). The MRFs are all members of a
related family of basic helix-loop-helix (bHLH) transcription factors
that promote myogenesis. In vitro, any one of these factors can
convert a non-muscle cell into the muscle lineage. In vivo, the role of
the MRFs in myogenesis is more complex. This complexity arises from
the spatially and temporally restricted patterns of MRF expression,
and the partial redundancy of MRF function. In mouse models, only
myogenin is absolutely required, as the loss of any other MRF can be
compensated by one or more of the other MRFs. Like other
vertebrates, Xenopus expresses all four MRFs. However, while MyoD,
Myf5, and MRF4 are expressed during primary myogenesis in the
early Xenopus embryo, it has been reported that myogenin is not
expressed until secondary myogenesis when the tadpole undergoes
metamorphosis to become an adult frog. This situation leaves open to
speculation how myogenesis takes place in the early Xenopus embryo
and tadpole in the absence of myogenin. We have re-examined this
problem and find that myogenin is in fact expressed in the early
Xenopus embryo when primary myogenesis is taking place. Using
qPCR we find that myogenin transcripts are detectable from mid-
neurulation stages onward. In situ hybridization shows that this
expression is in the pre-somitic mesoderm of the early embryo and
the somites and migrating muscle precursors of the tadpole. This
result raises the possibility that, as in other vertebrate embryos,
Xenopus tadpoles also require myogenin for myogenesis.
doi:10.1016/j.ydbio.2011.05.399
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muscular atrophy and impaired motility
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In vertebrates, muscle development occurs through the sequential
segmentation of mesoderm tissue into repetitive structures called
somites. Recent spatiotemporal microarray studies have identified
novel, uncharacterized transcription factors which might be involved
in muscle differentiation and/or fiber-type specification. Cited3 is one
such novel gene encoding a transcriptional cofactor. Cited3 is
expressed in the oxidative fiber precursors (slow muscle), brain,
neural crest cells, branchial arches and hatching gland of zebrafish
embryos and we identified that its expression is regulated by
Hedgehog signaling. In this study, Cited3 expression was knocked
down in zebrafish embryos by injecting morpholino oligonucleotides
that blocks the splicing of Cited3. Reduction in Cited3 expression
resulted in morphological abnormalities such as hatching gland
defects and tail curvature. Slow fiber-specific immunostaining shows
a significant reduction in expression of slow myosin heavy chain,
number and width of the fiber indicating impairment in slow fiber
myogenesis in Cited3 morphants. We also found that reduction of
Cited3 expression slows earlier undulating movements and later
escape mechanism eventually leading to total immobility at 5 days-
post-fertilization. Tunnel Assay indicates the occurrence significantly
large number of apoptotic cells in the muscle of the morphants.
Finally, overexpression of Cited3 mRNA could significantly rescue
Cited3 morphants phenotype. In situ hybridization for various
muscle-specific genes reveals the gene regulatory network that is
controlled by Cited3. This is the first report that Cited3 functions in
myofibrillogenesis of oxidative/slow-twitch muscle fibers and its
absence can lead to muscle atrophy and immobility.
doi:10.1016/j.ydbio.2011.05.400
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Foxa1 and Foxa2 in the intervertebral disk
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The intervertebral disk (IVD) is composed of an outer annulus
fibrosus (AF), and an inner, gel-like nucleus pulposus (NP). The NP is
derived from the notochord in mice. Chronic back pain as a result of
disk degeneration is a common health condition for which there are
limited treatment options. Current treatments involve surgery or
painkillers but do not address the problem of disk degeneration and
are not very effective. Little is known about the mechanisms of IVD
development and degeneration; this information could lead to
improved treatments. To study disk development, we are looking at
the forkhead box (Fox) genes, which are expressed in the notochord.
They are also expressed in many other tissues and are vital to
development and post natal life. Foxa1 and Foxa2 genes have been
well-studied in the endoderm, but not in the notochord. Foxa2 null
mice die in utero lacking a notochord. Cre alleles have been used to
ablate Foxa2 in the endoderm. These conditional alleles have also
been used with a Foxa1 null allele to make double knockouts. We
used these alleles with an inducible ShhERT2cre line to remove Foxa2
in tissues where Sonic hedgehog is expressed in E7.5 mouse embryos.
Fate-mapping with the Rosa26 reporter allele was done. Mice null for
Foxa1 and lacking Foxa2 in Shh-expressing cells appear to have a
severely deformed NP and a shortened tail. Fate-mapping in these
mice suggests defects in the migration of notochord cells to the NP.
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